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Any new process in tended t o  produce clean energy f rom waste should be 
character ized f o r  i t s  u l t i m a t e  feas i  b i  1 i ty  o f  becoming commercial l y  
successful. A four-phase s t ra tegy  t o  analyze the  process and p lan  f o r  scaleup 
i s  presented. F i r s t ,  the  new technology i s  assessed i n  terms o f  i t s  market 
p o t e n t i a l  based on l abo ra to ry ,  bench scale o r  p i l o t  data. A comparison w i t h  
competing commercial technology i s  performed t o  compare the technology w i t h  
i t s  compet i t ion by est imat ions o f  f ac to rs  such as l i f e  c y c l e  cost ,  pub l i c  
acceptance, and a d a p t a b i l i t y  t o  changing condi t ions and fue l s .  Second, the 
cu r ren t  s ta tus  i s  reviewed w i t h  respect  t o  theory,  l abo ra to ry  o r  p i l o t  scale 
resu l t s ,  and a v a i l a b l e  cos t  data.  Thi rd ,  t he  path t o  commercial izat ion i s  
ou t l i ned .  The stages o f  scaleup and data requi red t o  prove the  concept and 
remove r i s k s  o f  commerc ia l izat ion a r e  i d e n t i f i e d .  F i n a l l y ,  the  f i nanc ing  
needs f o r  t h e  va r ious  stages o f  scaleup and f o r  a commercial u n i t  are 
determined. 

I n t r o d u c t i o n  

Development o f  any new technology has t r a d i t i o n a l l y  been a 
con t rove rs ia l  sub jec t  due t o  h igh expectat ions shared by  proponents and 
r e s u l t s  which many t imes f a l l  shor t  o f  these expectat ions. S o l i d  and l i q u i d  
waste management has seen both success and f a i l u r e  i n  the  implementation o f  
new technology. For example, promises t o  commercial ly produce l i q u i d  o r  
gaseous fue l s  and/or chemicals from municipal s o l i d  waste (MSW) o r  re fuse 
der ived f u e l  (RDF) have so fa r  been u n f u l f i l l e d  a f t e r  several attempts a t  
demonstrat ing var ious technologies. These f a i l u r e s  encourage us t o  examine 
new and undeveloped technology i n  a more soph is t i ca ted  and step-wise manner 
than has been p rev ious l y  done. By lea rn ing  from p a s t  f a i l u r e s  and tak ing  a .  
methodical and p r o a c t i v e  approach t o  scaling-up sui  t a b l e  technology, we can 
b e t t e r  d i r e c t  development so t h a t  r e a l i s t i c  expectat ions can be made and met. 
The approach discussed here w i  11 increase chances f o r  successful development 
o f  new waste management technologies. 

The fo l l ow ing  phases o u t l i n e  the approach t o  be presented: 

Determine if a technology a t  i t s  cu r ren t  s t a t e  o f  development, e i t h e r  
conceptual, bench, o r  p i l o t  sca le can be p o t e n t i a l l y  compet i t ive w i t h  
commercial technologies today. 

11. Es tab l i sh  t h e  current  s ta tus o f  the technology and what needs t o  be 
b e t t e r  understood be fo re  progressing. 

111. Es tab l i sh  t h e  path which would most l o g i c a l l y  be taken t o  r e s u l t  i n  
commercial izing the  technology. 

I d e n t i f y  the requirements o f  d i f f e r e n t  f i nanc ing  op t i ons  necessary t o  
commercial ize the  technology. 

I. 

IV .  
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These phases f o l l o w  a progression i n  which the  r e s u l t s  o f  each b u i l d s  
on the r e s u l t s  from the preceding phases. This  review can be s ta r ted  a t  any 
t ime i n  the development process and should be updated t o  account f o r  new data 
on the  technology, t he  competit ion, o r  the market as they become ava i l ab le .  

Review and analys is  o f  new technology can be biased according t o  the  
perspect ive o f  the  reviewer. The inves t i ga to rs ,  developers, and sponsors a l l  
have vested i n t e r e s t s  i n  the  technology which may prevent a balanced view o f  
the  technology, i t s  development, o r  i t s  commercial izat ion. I nves to rs  and 
lenders t y p i c a l l y  l ook  f o r  independent reviews o f  the technology p r i o r  t o  
committ ing l a r g e  amounts o f  c a p i t a l .  Th is  can best  be accomplished by persons 
wi thout  c o n f l i c t s  o f  i n t e r e s t  and w i t h  an adequate background rev iewing 
development o f  the  technology. 

Review o f  the ConceDt 

I n  t h i s  i n i t i a l  stage o f  analys is ,  the  technology i s  looked a t  
o b j e c t i v e l y  t o  assess i t s  n iche i n  cu r ren t  markets. The f i r s t  s tep  I s  t o  
i d e n t i f y  t he  market or markets where the  technology would most l i k e l y  be 
competing and t o  broadly  e s t a b l i s h  a range o f  compet i t ive p r i c i n g  f o r  the 
serv ice prov ided or product produced. I t  i s  impor tant  t o  consider a l l  areas 
where the technology could p o t e n t i a l l y  compete, i nc lud ing  those o u t s i d e  the  
primary f i e l d  o f  i n t e r e s t .  High value chemicals, res ins,  and p l a s t i c s ,  f o r  
instance. may be more economical ly f eas ib le  t o  produce than f u e l s  f rom c e r t a i n  
feedstocks. 

Questions t o  resolve before proceeding are those which would be 
impor tant  t o  an i nves to r .  These genera l l y  w i l l  es tab l i sh  i f  the  market i s  
p o t e n t i a l l y  s t rong and l a s t i n g .  I n  the  area o f  s o l i d  waste management, t he  
fo l l ow ing  questions can be used as guide l ines t o  asce r ta in  t h e  market 's  
p o t e n t i a l .  S im i la r  questions can be developed f o r  any p a r t i c u l a r  f i e l d .  

- Is market expanding? 

- I s  i t  monpol is t ic  o r  con t ro l l ed  by a few companies? 

- What are the  minimum o r  maximum requirements f o r  waste needed t o  be 

- I s  the waste composition changing due t o  recyc l i ng ,  composting. 

- Are markets l oca l i zed ,  where a re  they located? 

- Do long-term contracts  e i t h e r  fo r  feedstocks o r  products a l ready 

processed? 

changes i n  consumption, e tc .?  

e x i s t  which would i n t e r f e r e  w i t h  t h i s  technology? 

What are the  standards fo r  the product produced? 

Can environmental permi ts  be obtained? 

What are the  cha rac te r i s t i cs  of'markets f o r  byproducts o f  t h e  process? 

- 
- 
- 
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The next step in reviewing a new technology I s  t o  compare the 
technology with those commercial technologies currently in the identified 
market(s). This comparison can be as brief or extensive as is desired, 
depending on if we are considering a revolutionary change or just an 
evolutionary advance in the market. At a minimum, cost and environmental 
comparison should be made between the new technology and what i s  available in 
the market. The cost should be assessed on a life-cycle basis, accounting for 
capital, operation and maintenance. disposal of residue costs, and revenues 
from tipping fees, the primary product and any byproducts. The general 
environmental assessment could include a number o f  considerations including 
impacts on air, water, workers. noise, and flora and fauna. 

There are many other considerations in performing this initial 
assessment. The feedstock must be compatible with the technology, and the 
productcs) compatible with the existing markets. Flexibility can be quite 
advantageous in the waste management industry, as the quantities and 
composition of waste i s  rarely fixed. While some technologies might only be 
competitive for a certain type and quantity of waste, others could take many 
types of waste. in a range of quantities. Effects on other related 
technologies should be assessed, as today municipalities and other 
organizations are interested in integrated solid waste management. Generally 
no one technology can solve the waste problems for a given location. Thus. 
technologies which can work effectively together may be more desirable than 
those which prevent other technologies and strategies from being employed 
successfully. 

In order to compare the new technology with existing ones, it must be 
emphasized that the new technology should be judged on a realistic basis. A 
conservative estimate for costs, revenues and efficiency o f  the new process 
should be used for comparison purposes. Often a new technology assessment 
under estimates commercialization costs and greatly over estimates potential 
revenues from products. 

Establishino Current Status o f the Tech no1 oqy 

The second phase of this review i s  to establish the current status of 
the new technology, providing a baseline or framework from which further 
development can be compared. The initial limited economic feasibility 
developed in Phase I, can be updated with new information gained in this 
phase. Technical and economic gaps in knowledge should be identified in this 
phase and either resolved now o r  targeted for later development work andlor 
analysis . 
Existing Data Review 

This stage of review i s  many times performed by the researchers in 
order to propose further expenditures or justify previous funding. Therefore, 
some data may already exist for this analysis. 

The first part o f  establishing the current status i s  t o  verify that 
the process proposed i s  physically possible and practically attainable. This 
will require checking previous assumptions. reviewing theory and obtaining 
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c o r r e c t  parameter values f o r  thermodynamic, k i n e t i c  and mass and heat 
t r a n s f e r .  Mass and energy balances should be done t o  check process 
f e a s i b i l i t y .  A second law ana lys is  could be performed on the process t o  
i d e n t i f y  i n e f f i c i e n c i e s .  

Once the theory has been reviewed. opera t iona l  data from t h e  lab ,  
bench, and lo r  p i l o t  f a c i l i t y  should be assessed t o  determine the d e v i a t i o n  
from theory. This w i l l  a l l o w  a b e t t e r  est imate o f  expected y i e l d s  as the  
process i s  scaled-up f u r t h e r .  I t  w i l l  a l s o  serve t o  h i g h l i g h t  areas where the  
process can be improved o r  i s  not  performing as w e l l  as expected. I n  some 
cases, it. w i l l  p o i n t  t o  the  f a c t  t h a t  the  data i s  i naccura te  or i n s u f f i c i e n t  
f o r  reasonable ana lys is  and t h a t  a d d i t i o n a l  and more accurate data must be 
obtained be fore  f u r t h e r  progress can be made. I t  i s  important i n  t h i s  review 
t h a t  s u f f i c i e n t  data be a v a i l a b l e  t o  determine the p r e c i s i o n  of  t h e  data. 
Furthermore. there  should be an adequate review o f  the ins t rumenta t ion  and 
data a c q u i s i t i o n  system t o  determine any measurement biases which e x i s t .  For 
example, biases occur i n  h i g h  temperature measurements, and when measurements 
are made close t o  the  de tec t ion  l i m i t  o f  the ins t rumenta t ion .  

Once a thorough review o f  the a v a i l a b l e  data has been accomplished, 
we need t o  update our o r i g i n a l  economic model. E x i s t i n g  c o s t  data should be 
reviewed t o  b e t t e r  e s t a b l i s h  costs o f  the technology a t  i t s  present s t a t e  o f  
development. These costs should be segregated as much as poss ib le  i n t o  
standard technologies and developmental technologies t o  i d e n t i f y  which areas 
need more accurate est imates as development proceeds. I f  poss ib le ,  cos ts  for 
each piece o f  equipment o r  u n i t  operat ion should be tabu la ted .  

Many costs w i l l  n o t  be a v a i l a b l e  based on p i l o t  p l a n t  data, such as 
upstream and downstream equipment which may n o t  be implemented a t  t h i s  stage 
o f  development. But t h i s  equipment can be estimated I f  standard technology i s  
used. Equipment i n  t h i s  category may inc lude mater ia l  waste recovery systems, 
gas cleaning, l i q u i d  c leaning, heat recovery equipment. and emissions. 
e f f l u e n t  and residue treatment systems. 

Costs f o r  opera t ion  and maintenance (O&M) a r e  d i f f i c u l t  t o  determine 
as p i l o t  scale or smal ler  equipment w i l l  r a r e l y  run f o r  long continuous 
per iods of t ime. Some costs may be determined such as on energy requirements, 
energy losses, and o ther  requirements o f  the process such as gases, water, or 
o t h e r  u t i l i t i e s .  Costs associated w i t h  running the process f o r  long per iods 
of  t ime w i l l  genera l l y  n o t  be ava i lab le .  But p r e l i m i n a r y  est imates can be 
made, and ranges I n p u t  t o  the economic model t o  e s t a b l i s h  a c u r r e n t  economic 
s ta tus .  

Technical and Economic Questions 

The review o f  the cur ren t  status w i l l  r a i s e  var ious quest ions on both 
a techn ica l  and cost basis.  Technical questions which are e a s i l y  resolved 
w i t h  c u r r e n t  equipment should be addressed as soon as poss ib le  p r i o r  t o  going 
on t o  Phase 111. 
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I t  i s  g e n e r a l l y  f a r  less  expensive t o  acquire data a t  the i n i t i a l  
stages o f  development than l a t e r  on, and t h i s  data can prov ide  many benef i t s .  
The a d d i t i o n a l  da ta  taken may i n d i c a t e  unusual phenomena o c c u r r i n g  which need 
t o  be understood for  successful scale-up. Ex t ra  in fo rmat ion  may p o i n t  t o  
f laws i n  the  technology such as l a r g e r  heats o f  r e a c t i o n  than ca lcu la ted ,  poor 
k i n e t i c  ra tes ,  o r  poor  c a t a l y t i c  a c t i v i t y .  Such r e s u l t s  might be ind ica ted  
us ing  e x t r a  thermocouples, ca lo r imet ry ,  g rav imet r ic  monitor ing,  e tc .  These 
may be economical t o  measure a t  t h i s  stage o f  development, b u t  n o t  once the 
technology i s  scaled-up. Discrepancies between ac tua l  opera t ing  data and 
t h e o r e t i c a l  p r o j e c t i o n s  may i n d i c a t e  p o o r l y  understood phenomena, inaccurate 
data, or i n v a l i d  assumptions i n  the  theory.  These techn ica l  data gaps may 
need t o  be f i l l e d  be fore  f u r t h e r  progress should be attempted. 

Technical  quest ions which may be unanswerable i n c l u d e  environmental 
impacts. r e l i a b i l i t y  o f  equipment over time. labor  necessary t o  r u n  and 
maintain opera t ions  f u l l  t ime, and degradat ion o f  process over time due t o  
unknown phenomena. These questions w i l l  need t o  be r e v i s i t e d  I n  l a t e r  phases 
of  development, and should be noted t o  t r i g g e r  l a t e r  a c t i v i t y .  

Economic quest ions which may n o t  y e t  be answered should be i d e n t i f i e d  
a t  t h i s  p o i n t  and no ted  f o r  l a t e r  r e s o l u t i o n .  These may inc lude questions o f  
costs f o r  upgrading t h e  products and byproducts f o r  sale, p r i c e s  f o r  the 
products and byproducts,  and disposal  costs f o r  residues and e f f l u e n t s .  Some 
o f  these quest ions a r e  bes t  l e f t  f o r  l a t e r  stages i n  development, when more 
representa t ive  produc ts  and residues w i l l  be produced. By i n i t i a l l y  
e s t a b l i s h i n g  cos ts  o f  upgrading o r  t r e a t i n g  products o r  residues, i t  may be 
revealed t h a t  f u r t h e r  cons idera t ion  needs t o  be given t o  d i f f e r e n t  methods o f  
treatment. This may need t o  be worked on before,  o r  concurrent t o  scaling-up. 

Es tab l i sh ina  a Path t o  Comnercial izat ion 

Now t h a t  the  c u r r e n t  s ta tus  o f  the emerging technology has been 
es tab l i shed and we have updated the economic model w i t h  new in fo rmat ion ,  which 
s t i l l  p r o j e c t s  a compet i t i ve  product, we can e s t a b l i s h  how t o  proceed. This 
t h i r d  phase o f  development can consume f a i r l y  l a r g e  amounts o f  c a p i t a l .  so a 
c r i t i c a l  assessment should be conducted t o  e s t a b l i s h  a d e l i b e r a t e  agenda so 
t h a t  an i n v e s t o r  may be convinced t o  fund t h i s  phase. 

The i n i t i a l  t a s k  of  t h i s  phase i s  a r i s k  assessment t o  i d e n t i f y  any 
techn ica l  f laws i n  t h e  concept, and e s t a b l i s h  a p l a n  t o  address and overcome 
any obstacles.  A s  an example, the process data from bench scale operat ions has 
confirmed the  k i n e t i c  v i a b i l i t y  o f  the process b u t  has l e f t  unanswered c e r t a i n  
mechanical quest ions.  For instance, we know the reac tor  works bu t  we have 
assumed i n  our model a feeder t h a t  can use unprocessed feedstock. The problem 
i d e n t i f i e d  i s .  how do we in t roduce the s o l i d  feedstock i n  a uniform, 
continuous manner w i t h o u t  excessive preprocessing. This r i s k  assessment, 
which should i n c l u d e  a l l  components, i s  intended t o  i d e n t i f y  components o f  the 
process t h a t  e i t h e r  r e q u i r e  f u r t h e r  development p r i o r  t o  proceeding t o  the 
f i r s t  scale-up o r  t o  f i n d  an acceptable a l t e r n a t i v e .  

'I 
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The final piece of the r i sk  assessment i s  t o  c r i t i ca l ly  look a t  the 
question of scale-up. One may ask the question, how far  can we proceed, in 
th i s  in i t ia l  step from bench scale? B u t  the right question i s ,  what i s  the 
maximum scale-up possible from the final development unit to  the commercial 
demonstration? Answering this question i s  a key to  determining the total  path 
t o  commercialization. We can t h e n  decide on how many scale-up steps to  take 
and when c r i t i ca l  components should be scaled-up. These steps may include any 
or a l l  of the following: an integrated pilot  plant, a semi-works to  prove out 
c r i t i ca l  components or a complete demonstration system. 

After planning the global technical approach, and the required 
component development has been identified, we need to  feed any revisions t o  
our overall cost model to  reconfirm feas ib i l i ty .  The next stage i s  t o  
determine t h e  additional technical data, whether mechanical or process, that 
i s  required. 

Typical questions which help identify such data include: 

- Does each component work as intended? 

- Does the system as a whole work together in a safe manner? 

- Does proper selection of materials take into consideration "corrosive 
and errosive elements in the process and can I maintain product 
specifications? 

In addition, the duration of acquiring the answers t o  these questions 
should be established. Typical goals of th i s  f i r s t  scale-up may be 5,000 
hours of total  t e s t  time with perhaps 1.000 hours of continuous operation 
under design conditions. The purpose of this scale-up i s  t o  work through t h e  
operational and process problems, confirm yields and product quality, and 
obtain an indication of re l iab i l i ty .  The "other" objective i s  to  be able to 
again refine the economic model with the data obtained from th is  f i r s t  
scale-up for both capital and operations costs. We will need th i s  
information, since we are approaching the time that additional capital will be 
needed for the next scale-up or for a continuously operational demonstration 
fac i l i ty .  

Once we have established technically wha t  type of data and scaled-up 
system the technology requires, we need to  establish a cost of th i s  phase of 
the work and raise additional capital .  A t  this stage, i t  i s  important to 
consider i f  any revenue can be derived from the operation of the development 
unit to offset  the operational costs. This may not be r ea l i s t i c ,  b u t  an 
investor typically likes to  see some "pay as you go" operation while 
development i s  progressing. 

After the development unit has completed the technical data 
acquisition, i t  i s  again time to  refine our feas ib i l i ty  model with new cost 
da ta ,  operational data and re l iab i l i ty  data .  The level of success of the 
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development u n i t  w i l l  a t  t imes determine the type  of f i n a n c i n g  t h a t  the  
process developer can consider. The f i n a l  sec t ion  discusses the  var ious 
o p t i  om. 

x e d  F i  

As  we complete Phase 111, the  a d d i t i o n a l  data c o l l e c t e d  from the  
scaled-up opera t ion  i s  again fed  back i n t o  the economic model t o  reconf i rm 
f e a s i b i l i t y .  A p o s i t i v e  r e s u l t  w i l l  now enable the p r o j e c t  t o  proceed t o  
r a i s e  the  c a p i t a l  necessary t o  b u i l d  a f u l l  sca le  f a c i l i t y  which, by 
d e f i n i t i o n ,  when successful  w i l l  be the f i r s t  commerclal u n i t .  

Financing can be obtained from a v a r i e t y  o f  sources, rang ing  from 
t o t a l  equ i ty ,  where t h e  i n v e s t o r  assumes a l l  the r i s k ,  t o  non-recourse p r o j e c t  
f inanc ing  where t h e  r i s k  o f  f a i l u r e  i s  d i v i d e d  between the lender and the 
e q u i t y  p a r t i c i p a n t .  Technologies concerned w i t h  t h e  disposal  o r  processing of 
s o l i d  waste are  c u r r e n t l y  e l i g i b l e  t o  o b t a i n  tax  exempt bonding a u t h o r i t y .  
The lower cos t  o f  c a p i t a l  by using tax  exempt bonds i s  a commonly used method 
t o  enhance the o v e r a l l  economics o f  a p r o j e c t .  

Funding a new technology using non-recourse p r o j e c t  f inancing, 
t y p i c a l l y  requ i res  e i t h e r  some l e v e l  o f  e q u i t y  p a r t i d p a t i o n  or a guarantee t o  
pay back the debt, or some combination o f  the two. The l e v e l  o f  e q u i t y  
p a r t i c i p a t i o n  or debt  guarantee depends on the  c h a r a c t e r i s t i c s  o f  the  p r o j e c t  
and the p r o j e c t e d  economics as determined by an Independent Engineering 
Study. This Independent Engineering Review i s  c r i t i c a l  t o  bo th  lenders and 
e q u i t y  p a r t i c i p a n t s ,  s ince i t  i s  intended t o  conf i rm both the  techn ica l  and 
economic v i a b i l i t y  o f  the technology. 

From a l e n d e r ' s  p o i n t  o f  view. the  t y p i c a l  c h a r a c t e r i s t i c s  o f  a 
strong p r o j e c t  i n c l u d e  some o r  a l l  o f  the fo l low ing :  

A tu rnkey  c o n s t r u c t i o n  c o n t r a c t  i n c l u d i n g  a f \ x e d  p r i c e ,  f i x e d  
complet ion date,  d e t a i l e d  performance t e s t  and p e n a l t i e s  f o r  
nonperformance. 

An opera t ions  and maintenance cont rac t  w i t h  a f i x e d  p r i c e  and 
i n c e n t i v e s  f o r  p o s i t i v e  performance and p e n a l t i e s  f o r  poor 
performance. 

Independent p r o j e c t i o n s  based on the technology and c o n t r a c t  
s t r u c t u r e  whlch show adequate cash f l o w  t o  cover a l l  expenses and 
debt service.  These p r o j e c t i o n s  should be done fo r  bo th  t h e  expected 
opera t iona l  scenar ios and i n  cases where p o t e n t i a l  problems may a r i s e  
t h a t  are e i t h e r  techn ica l  or economical i n  nature.  

Rais ing t h e  c a p i t a l  f o r  a new technology can be as cha l leng ing  as 
completing the  t e c h n i c a l  development. However, t h i s  j o b  i s  eas ie r  when the 
proper groundwork has been l a i d  by f o l l o w i n g  the methodology presented here. 
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